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Abstract 
Different established methods for maturity assessment of a technology are in use by industry, of which 
Technology Readiness Level (TRL) is one of the most applied metrics. TRLs indicate the degree of 
development of a technology and are normally used to communicate the maturity status at high level. In 
this work a review of different methods including DNV’s approach for risk-based technology 
qualification and the TRL approach is provided and pros and cons associated with the use of TRLs are 
discussed. Existence of several TRL scales makes it difficult for technology developers to communicate 
the status of their technology. Moreover, existing methods have limitations as to how different 
technologies can be compared on a fair basis. Given the considerable R&D efforts being made in 
development of carbon capture and storage (CCS), establishing a common platform for maturity 
assessment of various CO2 capture technologies on an unbiased basis is suggested. One way of doing so 
could be through combining a risk-based qualification approach with generic TRL scales tailor made for 
CO2 capture technologies.  
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1. Introduction 
Development of carbon capture and storage (CCS) technologies is widely seen as a key solution for 
limiting CO2 emissions to the atmosphere. In the development of new CO2 capture technologies, 
assessment of maturity levels are performed by industry as a decision support tool. Hence, a clear analysis 
of the different steps required to bring a promising new technology to commercial reality should be made. 
Typical goals of such assessments are to thoroughly evaluate different aspects of the technology such as 
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technical, economic, environmental and safety risks associated with large scale deployment of such 
systems. 
Developing a framework aiming at describing the stages of technology development has been 
practiced by different industries. The so called Technology Readiness Levels (TRLs) is a framework that 
is used as a scale to illustrate the development state of a technology, i.e. an indication of the technology 
maturity. The approach focuses on previous experience and track-record of the technology and the scale 
varies from rough ideas to field proven technology. The readiness level is normally determined by the 
degree of the developments or scale of performed tests. TRLs provide a high level measure of the 
development state which in most cases is not suitable for comparing similar technologies. Comparing 
technologies on a similar basis and in an unbiased way is not straight forward and, if sufficient care is not 
taken, this could lead to misinterpretation of the technologies maturity level or lack of confidence in its 
performance. There are already several established approaches for TRL assessment which will be 
reviewed in the next section. In the present work, we discuss methods for assessing maturity of CO2 
capture technology, including DNV’s approach for risk-based technology qualification and the TRL 
approach. The main goal of the current work is to start establishing a platform for unbiased assessment of 
various CO2 capture technologies.  
2. Review of methods for maturity assessment 
Various TRL scales and descriptions are in use by the industry today. The levels originate from the US 
National Aeronautics and Space Administration (NASA) which developed it for qualification of space 
mission flight systems  [1]. The TRLs were subsequently adopted by the U.S. Department of Defense 
(DoD)  [2]. Later, the U.S. Department of Energy (DOE) adopted the NASA/DoD methodology for 
evaluating technology maturity in their major construction projects  [2]. The outcome was a Technology 
Readiness Assessment Guide which assists in identifying those elements and processes of technology 
development required to ensure that a project satisfies its intended purpose in a safe and cost-effective 
manner. It also guides as to how critical technologies should be developed before and during their 
integration into engineered systems. The modified definitions of TRLs by DOE employ four scales of 
development called lab, bench, engineering and full scales, where each scale represents a few TRLs. 
Another approach using the same origin by the American Petroleum Institute (API-RP-17n) is applied 
in subsea production systems reliability and technical risk management  [4]. This recommended practice 
proposes incorporating TRL assessment and technology qualification as a means to strengthen 
qualification of subsea equipment. 
The TRLs developed by NASA were recently modified by the Electric Power Research Institute 
(EPRI) to be used for maturity assessment of post-combustion CO2 capture technologies  [5]. EPRI made 
modifications to the original framework by assigning Research, Development and Demonstration labels 
to TRL stages 1-3, 4-6, and 7-9 respectively and applied these TRLs to ninety-two Post Combustion 
Capture technologies that have been studied by them. 
Another more high-level approach used for CO2 capture technology assessment was developed by 
Folger  [6]. He used a broader approach to give a general status assessment of all CO2 capture 
technologies. Folger used five different stages in his study: conceptual design, laboratory or bench scale, 
pilot plant scale, full-scale demonstration plant, and commercial process. The five stages reflect not only 
different levels of maturity but also differences in the physical size and complexity of a technology at 
different points in its development. 
Mankins  [7] discussed an integrated approach coupling TRLs with traditional methods used in risk 
analysis. He introduced several new figures of merit and formulated them within the framework of the 
standard technical risk matrix with the aim of providing a new tool kit for effective R&D management. 
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3. Pros and Cons of applying TRLs as the only maturity assessment tool 
As it can be seen from literature, there are several approaches for assessing the potential of 
technologies by a number of different organizations. One of the advantages of using the TRL system is its 
ability to describe a series of development stages that almost every technology should pass through before 
it is regarded as commercially deployed. Moreover, the TRL system applies an easily understandable 
naming scheme so that it is very effective to simply describe a technology being at for instance TRL3 or 
TRL6  [5]. 
While most of the assessment methods have the same origin, various industries and entities have 
adapted the primary framework to their own specific definitions, terminologies or stages in order to make 
the level definitions to fit into their particular needs. For example, NASA and DoD use a 9-levels TRL 
system whereas the recommended practice by API suggests 7 levels. This type of differences in TRL 
systems, methods and approaches make it difficult to communicate the current state of development of a 
specific technology. Hence, it would be a challenging task for technology developers to communicate 
technology readiness level using different systems as they will end up in different TRLs. Subsequently, 
this will be confusing for other stakeholders. As one of their concluding remarks, EPRI criticizes the TRL 
framework for not having the ability to communicate the level of effort, or difficulty required to achieve, 
the next TRL rank in a development stage  [5]. 
In summary, we indicate limitations in the use of the TRL tool to compare the level of effort, or 
resource requirements, amongst a set of similarly mature technologies. One way of overcoming this 
challenge might be to incorporate TRL assessment as an optional or complementary step of performing 
technology qualification for full-scale CO2 capture technologies and hence providing a better 
understanding of the time and resources required for arriving at the next TRL. 
4. DNV’s Technology Qualification approach 
DNV has previously developed a recommended practice  [8] which provides a systematic risk-based 
approach to develop and qualify CO2 capture technologies, ensuring that the technology functions within 
specified limits with acceptable levels of confidence (Figure 1a). This is a set of activities to prove that 
the technology is fit for purpose. A high-level description of the process presented in Fig. 1 is given 
below  [8],  [9], [10] and [11]: 
• Specification of qualification basis. The TQ process begins with the development of a qualification 
basis. The basis covers: (1) the technology’s main objectives and expectations expressed as 
functional requirements and parameters, and (2) technical specifications for deployment, operation, 
and decommissioning of the technology. Process scale-up should be approached at the first stage in 
describing the new technology.  
• Technology and threat assessment (Identification of novel aspects and risk assessment). The 
technology’s novel aspects (functions, components, processes) are identified and classified. These 
aspects are then decomposed to a level of detail at which potential risks (e.g. failure mechanisms) can 
be determined, analysed, and prioritized. This decomposition is performed by qualified experts 
representing the relevant technical disciplines and fields of experience.  
• Qualification plan and execution of the plan (Planning and collection of evidence). For instance, a 
plan for a test campaign is developed and executed. This plan contains evidence collection activities 
and is targeted at providing quantitative measures for the uncertainties and likelihoods of failure. The 
evidence can, among others, include laboratory tests, pilot plant tests, theoretical analyses and 
simulations, procedural changes to avoid potential problems, and tests to reduce uncertainty in 
analytical or simulation models. The type of tests depends on many factors, such as development 
state of the technology, nature of risks, etc. 
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• Performance assessment (Verification). The performance of the technology is assessed by confirming 
compliance with requirements. This involves analysing the qualification basis, the risk studies, and 
the collected evidence to confirm that the requirements in the qualification basis are met, and that the 
risks identified are sufficiently mitigated. Process simulation and sensitivity analysis can be used as 
decision support by identifying the main sources of uncertainty in the satisfaction of a given goal laid 
down in the qualification basis.  
     Fig.1b illustrates that uncertainty and the probability of failure are reduced as qualification progresses, 
until a remaining failure probability is determined. If a modification is introduced during technology 
development, uncertainty will often increase, before being reduced by further qualification activities. A 
“Technology Development State” could be developed as milestones or in parallel with milestones.  
 
 
 
 
Fig. 1. (a) Schematic diagram of technology qualification method by DNV (b) illustration of qualification progress for development 
stages represented by a series of milestones [9]. 
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5. Discussion on the use of DNV’s TQ approach for maturity assessment 
      Technology Readiness Levels and the use in Technology Qualification are described in DNV-RP-
A203  [9]. Experience has shown that high focus on TRL assessments can require a lot of time and 
resources and does not necessarily contribute to enhancing the technology. However, combined with a 
risk-based approach, the generic TRL definitions used in industry can be used to indicate the development 
state of the technology. The TRLs can be used in conjunction with qualification of technology to 
communicate the qualification development state, since it is verifiable through evidence from 
qualification activities.  
      Required qualification activities can be connected to different milestones during phases of the project 
development (concept development, FEED, construction, testing, installation, and operation) or process 
development steps (e.g. conceptual design, laboratory or bench scale, pilot plant scale, full-scale 
demonstration plant, and commercial process). A consequence of such a combination is the impact of 
qualification efforts on the project scheduling which should be specifically considered in the planning 
phase.   
      In TQ, DNV employs a technology classification scheme to identify novel aspects prior to the risk 
analysis. The classification principle enables identifying future needs for qualification in order to mature a 
concept based on both technology maturity itself and its application area.  
      A link between TQ and TRL could depend on several factors, such as the potential consequence of 
failure, the classification of the technology (degree of novelty) and the level of confidence needed in the 
technology. For instance a TRL can only be used with reference to a specific application area, i.e. a 
specific set of operating regime parameters and environmental conditions. If the operating regime or the 
planned environment change, then the TRL may also change. For instance, a technology which has 
attained a high TRL in one application, may not attain the same TRL for a new application if the 
operating regime and environmental conditions are different.  
      Project specific acceptance criteria can be developed for each relevant TRL, when it is required to 
measure TRL. For CO2 capture processes, a TRL would indicate the extent to which a technology is 
“ready for use” or “fit for purpose” given specified qualification requirements, for instance by: 
 
- Initial TRL is the qualification status when technology is introduced in a project 
- Required TRL is the qualification status for the technology to be “project ready” 
 
     The gap between the initial and the required TRL will set the qualification efforts required within a 
project. The targeted TRL is the qualification status required for entrance into operations.  All the 
requirements (function and performance activities etc.) must be completed according to the TRL 
definition before a process can be assigned a particular TRL.  
6. Concluding remarks 
 Developing a Technology Readiness Level framework with the purpose of describing the maturity 
status of a technology has been practiced by different industries. This work discussed different methods 
for assessing maturity of CO2 capture technology, including DNV’s approach for risk-based technology 
qualification and the TRL approach. 
 Several pros and cons associated with the use of the TRL system as a tool for maturity assessment was 
discussed. Among them was the simplicity of using TRL systems while having the drawback of not being 
able to reflect on the qualification efforts needed to obtain the next TRL. Existence of several TRL scales 
makes it difficult for technology developers to communicate the status of their technology. Given the 
considerable R&D efforts being made in the field, establishing a platform for the assessment of various 
CO2 capture technologies on a fair and unbiased basis seems to be beneficial for all stakeholders. One 
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way of doing so could be through combining a risk-based qualification approach with generic TRL scales 
tailor made for CO2 capture technologies. This might pave the way for an improved and successful 
deployment of large scale plants. It is also recommended to complement the use of TRL’s with other 
ways of assessing qualification status, such as progress towards specified milestones, project risk 
assessment concerning schedule and budget risks, and assessing the risk of failing to achieve 
qualification. 
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